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IndividvSfc as well as whole sped©, are character- 
feed by their inherited genetic compositions, An orga- 
nism's genetic complement, as we shall see 2n Part V, 
spedfie the amino add stfjueaoes oif oil of its proteins 
together with thdrquantity ohd schedule of appelant* 
in eadii call. An organism's protean composition k there- 
fore the direct expression of lb genetic composition. 

In this section, we concantate on the evolutionary 
aspects oif amino add sequence, the study of the chem- 
ical evolution of proteins. Evolutionary changes, which 
stem from random mutational! eveats, often alter a pro- 
tein's primary structure. A mutational change in a pro- 
tein, if fit is to be propagated isuist somehow increase, or 
st least not decrease, she probability Ghat its owner wili 
sumve to reproduce. Many mutates are deleterious 
and often lethal in their effect amdthcrefore rapidly die 
out On rare (occasions, however, a mutation oases that 
as we shall see below, improves the fitness of its host in 
its {natural environment. 

A- SieMe-CdB Afflemi^ t&e tafluence of 
NatagaH Sdectioa 

Hemoglobin, the red blood pigment, is a protein 
vyhoss major function is to transport oxygen throughout 
the body. Asaolecuie of hemoglobin is on Q^h tetramer; 
that b, if consists of Cwo Identical m chains -and Swo 
identical fi chains (Fjg. 64d). Hemoglobin is contained 
in the eryfth&ssTftea (red blood csO&; Greefc eryihme, 
red + 5yto*. a hollow msd) of which it forms - 33 ft by 
weight fai ndsnal individuals. In every cyde of thdr 
.voyage tfcstjgh (he ds&datosy cysteaa, the <sy&so- 
eftes, wMdh ose siesm^Sy SsSle Wesaeavs <g*frs 
siast c^sease shss^gfr .sagffiasy bicsd w- 
erisGsuB©i& diameter v\ -&^cs^ 

bt fendlv'taah w&i r** to dfesosc oMd©-«2lI 
Ajs upsafln y ©gay esyflissfyio osgaBtg or fes^g^a? @bs- 




SsstJ&tg <£ss&sn (Bifsro^phs ofc {a} fltorataj (tauten 



Gtegacfiatera, fern] 



tration Eyptal of the cagsSkste (SSg. 6-H 16). TTWs 
u^'terasesfcheexythro^^ 
thdr free passage through &e capfllarfes. The ridded 
cells dtedcre tapsde (She low of Mood In (he capS- 
lodes that, In q <<id!de<sffi "crisis * thebloo4 SowSn 
come o^gas may fee completely blodsEd* toseby giving 
rise to'esta^lve &ssue damage a&d <2»enidating pain. 
Mas&rm, kt&vMuafe with. &&te<3& onem*a coffer 
kom osvm hesaoljftte Qja^aM (a esadUoadtosads- 



<pbAS> tes an ontenk cS^ge to b 
bkow sv^agwe tfean that of aidde-«fi 

In 1956, Vernon 



oso®ad two wai 



io« 
5b 



12CkkyMfe%ieof th^62!ls.flh£d^Qitotinge^^of . oxe Msiti^ M to 

to disease are cudi *at before flie b«e? half of this " - B ^ ■ " ™ 
csitey, btdivMuds wMi dd^esH axiosUfl casdy cur- 

vivvsd to matudty (cMujwgh @u»ian &eatfoen& hf no - mes& 

means oonsdhiie a ons). of eadk^<$\aln) 
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withVidtaHbSC®"^ 5 ^^'* 




KtacttBhoretic pattern of IwnoglottM ttmtamtl 

J^(^V^&^1983 C. V. Mosby 
Company, tnc] 

accounting for (he charge difference observed by Paul- 
ine. This w«* the fast time an Inherited disease was 
shown to arise from • specific amino add change ta a 
proteiiu Wf fflirioMoii owes HbS to flgyr« a '< fott /fo- 
ment* efivffidcnt the and tHfiiuts to deform ttytkre^ttt 
-a remarkable example of the Influence of primary 
structure on quatmuxy structure. The ftructure of lh«sc 

filaments b farther discussed bi Section 9-3D. 
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The Sickle-Cell Trait Confers ReaUtance to Malaria 
Sldde<e0aixemUUmherUedtccord^V^ u 7of 

hteherWntos but germ eeOs have two homologous 
Tteof^romSme with the exception of sex 
S«nuHomes.Anotgaiibo«tr^«l^«^6weis 
disstfiedashetenjefgouaorhomoxygousfofthatgeae 
JteoSb, respectively, bear one or two copies of that 
" n-ehcmodobmofwdlvidualswhoerehomoxy- 
Ss far aldieSl anemia is almost entirely HbS. In 
SwSb heieroxygc* > ^ jf*b>cell 1 one- 
SI have hemogloWn that b -40* HbS (Rg. 6-12). 

st^rrx^^ 

Jead a wmnal Bfe even though thdr «7**°<y te ,l * ve 8 
S,rter lifetime than those of normal individuals. 

The riekleedl trait and dise-e J"^"** 
«ons 0 f equatorial African desc^Tte regions of equa- 
S iSSXe malaria b. major cause of de. A 
/«*hihutine to childhood mortality rates as high as 

an2 whoe the ridded gene is prevalent (P****? 

mudTas 40* of the population in somepUc^. 
ThToteervatioiried Anthony Affison to ^«ib«very 
^SiuclsktterotygousforHbS^ resbfent to ma- 

(arf* 
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Table*-* 

Amteo Add Sequences of Cytochrome* c frag 38 SpedcT 



2 



il 



Man, ehimpaiuee 
fiheatu monkey 
Horn 
Donkey 
Cow, pig, eheep 
Ocg 
Rabbit 

CaUCornis gtay whale 
Great grey kangaroo 

Chicken, turkey 
Pigeon 
Petfnduefc 
Snapping turtle 
Hatfleanake 
Bull/tag 
Tun* 
Dorfah 



[. Samia cynlhia (t moth) 
Tobacco boroworm math 
So^wwonaflj 
Pamc/j Aite (fruit 0y) 



Pamc/j Aite (fruit Qy) 

Baker* yeaat 
. C and id a knuti (a yeaet) 
Nturospcru crwta (a mold) 

Wheat germ 
Buckwheat toed 
Sunflower eeac!. 



Cauliflower 
Pumpkin 
Seaameneed 
Caitcrhean 
Cottonaaed 

Number of different Mr ft*TP? etirff 




tlffSll»i414»SIStlll4S4lSSSI«USSflllSISSIM 



'1heaBu»eddtf&cfcalMtie*bm Source AtoDktaea,R.fcU*U 0*X4>M-nfl9^ 

fdtxlrvelunctabtiaaouSal^ . wlm corrections from Dkfcnso*^ 

rtitutedredoWbioWfiediwa**^ Bore, P. D. (EdJ, TV fimi {hd Vgitlj |W. ^T 422 ' 

lettered flwbcgnninpc>/att Aadenuc r\t« 09*^ Tabit^ 

iniba! amino poop betxtyUte^ 
absent 



Malaria Is a parasitic disease. In Africa It Is caused by 
(he mosquito-bcrfne protozoan Plasmodium fddpmm. 
which resides within an erythrocyte during mudv o( Its 
4Mv life cycle. Plasmodia increase the addUy of the 
erythrocytes they Infect by -0,4 pH units and cause 
wkem to adhere to a cpedfic prctdn lining blood vessel 
walk by protein (mobs that develop en the erythrocyte 
surfaces (the spleen would otherwise remove the in- 
fected erythrocytes from the circulation thereby Id&tng 
the parasites). Death often rerftdis when so many eryth- 
rocytes are lodged in a vital organ (such as the brain In 
cerebral malaria) that Us Mood flow is significantly Im- 
peded 



How does the ddde-ceB trait confer malarial resist- 
arvce?Normafly,~2%of^ 
with the sfc*le<eB trait art^b$ervedtosiddeaute»< 
lowojcygcnconcentrttioftcondlttow 
Varies. However, the lowered pH of infected *T*** 
cyt« Irweases ttieir jmjpmtto 
lades to— 40%. A normal erythrocyte maintains av N? ; 
eternal concentration of ^relative to that of Oie 
serum throogi processes discussed fe\ Secern 
When an erythrocyte alettes, tfaepemortrfHtyofltew 
membrane to K* Increases so that the K* concerdrattoi 
In sidcled cells is tower than In normaleTythrocytes.Tri 
malarial parasite requires a high K 4 " concentration arv 



among these- residues. 




F.Slmct«ralBa«U of BPC Binding 

BPC '^iltriuTSs Lotion is ionic i 
J j^ilXu&m b corroborated by the X-ra 
iT^o^XcyHb complex, which indicate 
2K theSvtal «vity of deo*yl*on u 

^ht^'b^dmg^d^tbn^ distance 

STKSSffiEn bring, the two * H heUce 
THeT-R (he central cavity (compai 

^JTiSwem theJS-ienalnil amino ffoup* to>t 

f^^^^^theT^Requilibiwin toward 
at^ol the WG-*^*-^*; £ 





tn ft* tower ftf& 



Oenset cfturfaa wma ?**~?^totdU 
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tion to this r eneraBution; Section 9-3BJ. For exam- 
ple HbE (Ciu B8(Z<^^Lyi|r the most common 
human Hb mutant after HbS (possessed by up to 
10% of the populace in parts of Southeast Asia), has 
no clinical manifestations bi either heterozygotes o; 
homozygous. About one half of the known Hb mu- ; 
tations are of this type and were only discovered 
accidentally or thrc-gh surveys of large populations . 
R has been estimated that one individual in BOO has a 
variant hemoglobin. 
1 Changes in Internally touted residues 
Changing en internal residue cften destabilizes the Hb 
molecule. Die degradation products of these hemo- 
globins, particularly these of heme, form granular 
precipitates (known as Heinz bodies) that are hy- 
drophobically adsorbed to the erythrocyte cell mem- 
brane. The membrane's permeability is thereby in- 
creased causing premature cell 1yds. Carriers of 
unstable hemoglobins therefore suffer from hemo- 
lytic anemia of varying degrees of severity. 

The structure of Hb is so delicately balanced that 
small structural changes may render it nontoxic- 
tioniL This can occur through the wealcenirtg of the 
heme-globin association or as a consequence of 
other conformational changes. For instance, the 
hone group is easily dislodged from its dosdy fitting 
' ' hydrophobic binding pocket This occurs in Hb 
Hammersmith (Hb variants are often named after the 
locality of their discovery) in which Phe CDl(i2)fi, 
an invariant residue that wedges the heme into its 
fmketfsee Figs. 9 12 and 9-15), b replaced by Ser. 
The resulting gap permits water to enter the heme 
pocket which causes the hydrophobic hemetoeasBy 
dropout gmflflrfy, fa Hb Bristol the s ubs t i t u t io n of 
AflpforValBn(67y,wM*^ 
pocket places a polar group fa contact with the 
heme. This weakens the binding of the heme to the 
protda probably by rjdBt^ 
the subtmlft otherwise hydrophobic inferior. 

Hb may also be destabfliied by the cUsruption of 
elements of Us 2% 3 \ uA/os 4* structures. The in- 
rtabffiryofHbBibba results^ 
heUx-breaUngPro for Leu TO9(Uo)ol likewise the 
testability of HbSavwruhb^ 
tion of Val for tot higdy conserved Cry B6(2i)ft 
which is located on the B bribe where it oosses&eE 
hefc with tnsurldert dean 
than an H atom (Rg.9-13, and Hg. 9-lt where Cly 
Bob residue 2S\.Thta t ^h contact which does not 
tipU&anfiy dissociate under phyriologlcd condi- 
tions, may do so upon structural alteration, This 
occurs fa Hb Phffly fa whkh T^r C1(3S>*, which 
participates In the hydrogen bonded network Out 
helps knit together the a t -ft faterfao^b replaced by 
Phe. 

5, Changes etabtlking mcthcmogfabln 
Change* at ike Poinding tile that stabilise the heme tn 



the fcflfD axidation Uate eliminate the binding of 0 t 0 
the defective tubunitu Such methemogfabins are des- 
ignated HbM and tndividuali carrying tyem a* uid 
to have methemoglobinemia. These Individuals 
usually have bluish stun, a condition known as cya- 
nosis, whieh results from the presence of deotyHb in 
their arterial blood. 

. All known methemogiobins arise from substitu- 
tions that provide the Fe atom with an anionic oxy . 
gen atom Ugand. fa Hb Boston, the substitution of 
Tyr for His E7(5*)or (the distal His) results fa the 
formation of a 5 -coordinate Fe(Ifl) complex with the 
. phenolate ion of the mutant Tyr £7 displacing the 
imidazole ring of HS F8(87) as the arncal Ugand (Eg. 
9-23*). In Hb Milwaukee, the y<arboxyi group of the 
Glu that replaces Val El 1(67)0 forms anion pair with 
a 5<oordinate FeflU) complex (Hg. 9-236). Both the 
phenolate and glutamate ions in these methemogio- 
bins so stabilize the Fe<ni) oxidation state that me the- 
moglobin reductase is ineffective fa converting them 
to the FeWioruv 

Individuals with HbM are alarmingly cyanotic and 
have blood tljat is chocolate brown, even when their 
normal subunits are oxygenated. In northern Japan, 
this condition b named "black mouth" anc] has been 
known for centuries; it is caused by the presence of 
HbM Iwate (Ms F8(67)a-> T>sJ. Methenvogiobtns 
ha ve Hill constants of ~ 1 X This indicates a reduced 
cooperatrvity fa comparison with HbA eventhough 
HbM, which can only bind two oxygen molecules, 
can have a maximum HIH constant of? (the unmu- 
tated chains remain runctioxul). Surprisingly, hetero- 
zygotes with HbM, which have an average of one 
njnetioaal fi subunit per Hb molecule, have no ap- 
parent physical dfrflW 11 * 1 ** Evidently, the amount of 
0,rtle^fathefrcapflIaxtob 
Homozygotes of HbM, however, are unknown; this 
condition b,«o doubt, lethaL 

€ ChJflgeseitflca^-Acontact 

Ck*n^atkea x -&coniadcfmtoejmvrithhemo~ 

dobinH qualcnury srrvdunrf ctunje* Most auch he- 
moglobins have an tecreased Ot affinity so ftat they 
rfeaac less than nonruleirwu^ 
Individuals With such defects compensate for It by 
Ittjeasfagtruconeen^^ 
blood. This condition, which b named W c 7*f* 
oia, often gives diem a ruddy comptodon. Sow 
amino add substitutions at the a x -h interface In- 
stead te*ult fa a reduced OJ 
rytag such hemoglobins are cyanotic 
. Amino add cubs^utions at the o^- A contact may 
change the - relative stabflitici of hemoglobin's R and 
T forms, thewbydtering Its 0»eJard^ 
thereplaotrnentofAsptt^ 
eliminates the hydrogen bond tt the OrA*"** 
that atabffixes the T form of Hb (Rfr 9-1W The 
Interioptng imidazole ring also ads as a wedge tr\at 
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~4 tho * ' 



« some 50,000 to toe ^^Si 
^tes characteristic of toe disease. 



0.. 



a-Subunlt 

the R lUte. Tbb change «hto» *e T3=k 
11 tat unto PhJ^^^^S 

fcvity t^Il consUAl - 1-3). 
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220 A in diameter tare of cfeoxyf&S: ft) An electron 
mtamgreph of a neoatfvery stained fiber. maooorqpariyfng 
cutaway Interpretive drawing tocutestherctafatship 
between the tanerjnd outer strands; the spheres fepreserit 
ktfvtiuaJ KbS molecules, ~ie ft>& has a laytr repeat 
distance of | 64 A and a moderate twist such that It repeats 
every 350 A along the ffcer aids. (Courtesy of Stuart 
6detste*n. University of Geneva.] (6) A cross-sectional 
digram of tfie fiber Mlcating a probable pattiQ and polarity 
set for Its 14 strands; differently shaded strands are 
antlparaflet 



fibers ue ^120 A in diameter effiptinil rods consisting 

ofHhexagonaDypad^andhali^ 

of deoxyHbS molecules that associate In paraSd pain 

(Rg*. 9-25 and 9-26a). 

The structural relationship among the HbS molecules 
to the pain of paralldHbS strands has bcenestabfflifd 
by the X-ray structure analysis of deoxyHbS crystals. 
When this crystal structure was first deteniuitedV it was 
wuiear whether the intended 
tal resembled ftnse in Ae fiber. However, the subse- 
quent observation that HbS fibas slowly convert to 
these crystals with fitfe change in their overall X««sy 
dU sadhm pattern Indicates Aat fee fiber* structurally 
i rsrm b lc the qystals.Thc crystal st ru c ture of deoxyHbS 
consists of double filaments of tifrS BMteculcs whose 
several different tatcrmolccular contacts are dia- 
gnuiUnedinFig.9-26b.Only one o£(hetwoVal6/}'spcr 
Hb molecule contacts a nrighhmfng molecule. In this 
contact the mutant Val side dudn oaspks a hydro- 
phobic surface podset on an adjacent molecule's £sub- 
unit lUs podoct wtudi b absent In cxyHb, Is too small 
to contain HbA's CSxl fi$ side chain even If it was not 
hydropMIfc(r^9-2^ Other oort 
that also occur to HbA todudlng Asp 730 and Chi 23a 
(Rg. 9-266). Hie observation that HbA docs not aggre- 
gate into fibers, however even at very high concHura- 
tiens, Indicates that the contact involving Val (fits esscn* 
Hot for fiber formation. 



The Importance of these other taterxnolecular con- 
tacts to *he structural integrity of HbS fibeis has been 
demonstrated by studying the effects of other mutant 
hemoglobins on HbS gelation (polymerfiatfim). For ex- 
ample, the doubly mutated Hb Harlem (Qu 6fi~* 
Val + Asp 73fl -* Asn) requires a higher concentration 
togdu\indoesHbS(au#^ViJ);sin^ 
ofru^ar^HbKcrWBa(Asp73^^Asn)gdl£Ssrcad 
fly than equivalent nurtures of HbS and HbA. This ob- 
servation suggests that Asp 73/? occupies an Important 
tntennolecular contact site to HbS fibers (Eg. 9-26*). 
Ukewisctte observation that hy^ 
ing of or submits bom Hb Meriphto(Giu23a-*<2n) 
and/J subunlts from HbS gel less readily ten does HbS 
Indicates !hit flhr ?ftv al«* r"^^ In to pohnneri* 
ration of HbS fibers (Rg. 9-26b). The other whlte4et- 
tered residues In Rg. 9-26* have been dmllady ImpU- 
cated In sliding interactions. 

The Initiation of HbS Gelation la a Complex Process 

TliegeUtkm<rfHbS,bothtoso^ 
red cell, follows an urusual tizrte axuse. A solution of 
HbS an be brought to cowfltkms under which It will gel 
by lowering the pO], raising the HbS concentration, 
and/or raising the temperature. Upon editoring gelation 
conditions, there is a reproducible delay that varies accord- 
ing to conditions from milliseconds to days: During this 
lime, no WfS fibencantedeteded Only after the delay do 
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£bcs feat appear and gelation b then completed In 
about one half the delay toe <Hg. 9-27e). 

William Eaton and lames HoUdito discovered that 
the delay toe, t«, has a conce n tration dependence de» 
scribed by 



^A;Vai6ofaa^^^[^^.aCL 

^Katndl^thatk-ir'r'and&atB^ 
Ko otfw fa*** aorultoi pneas eoen fl?" 4 ** 

— ^.—mHaAm ieaaiiXUt. 




p.131 



where e, b Ihe total HbS amomttatlon pilot to sdf**; 
c, b the aafcibfllty of HbS aaeaaoxed after gelation Is 



A^wo-etage process aoeounto for P-131: 
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6 100 200 300 UO 1.3$ fc40 

Tline(mlfl) tag c; 



figure «7 OX.«^KKIS60Cubio l to20 t &( # tstadetextirne.(6) 

TT« time corse of deoxytf&Soeta&xvMTheextantof A toQ-bg ptot dwdnQ tfw concent rati on dependence of 

getattan as mortal tor to gelation of deocyHbS at 30*& The etapeofthfefne 

(pwpte).Geti^0fewOJ^ b -30. (After Hoftlcfrter, J. Ross, P. 0. and Eaton, W. A„ 

wssMtiatedtyrepkjyirmai^ ftoa Waft Acad&f. n.4flS5. 4867(1974).) 
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The double nuataatiHi moohantororaoaxyt^go(atipn: 
(a) The MU aggregate of KbS mctooUes (oME^owr 
mctortybeeeusetfepraes^r 

titfwr tan grow. ffewmr, onoo in 



oertalna^tr*crtficalnucJtua,te 
tfemtfyna/rtc^tivo^ 

ftrntoarftagCDtfiao^ 

Fotrone, F. A-, HoMtfttBTt and Eaton, W. A* »• «*o& 



. -M - ttte6 are unstable and easily de 

, ^aBberh-fomed.iteannudeatethe^wtW 
^fibenW 9-2Sb). These newiy tamed fibe*. 

SalSs Utter proews is autoeattlytfc. 
n,« initial homogeneous ideation proce* tjgm 

SSlS,To?r fi b« in <£S> I* resale *» 
• STrapld onset of gelation (Pg- »W wh 
Vferegoln* ^j^dTepSw 

"° ne J? P^'^n^ugh the capiBarfes where 
L„„ ' and/or smill decreases in HbS solu- 

v«tigntlon: thebfaidingo «^!&^dteonthepn 

_* i n h*mal«cular Interactions. Of mA&ilatoivatadlBereni ^TTTlI known •* » b ' 



this regard. 

. -nwwiih other Hb molecules is also* pro 
Re P to ^^^«^MVCTte5torHbSwithhighlev 

*"« ^^SeW* hTv* » relatively «n 
^•SSi observation I 

form of *" te thatcan '5Wltchon" . 

^ff-fs SlbinTTThe «of vasodilators (s. 



Wgh degree of e^tnTlexer^ea ^ 

cess**- -n^f^ Sx^tes . ug*"* 
^ttwexplora^orv^J^ tol «pon. 

portion of this ^J^Z^ intm- and to 
gmmofgrowtharrfdevelo^ 
control « "^^f^of^^ 
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DETAILED ACTION 

Election/Restrictions 

1. Applicant's election without traverse of Group II (claims 21-23, 27-33, 40-41) in the 
reply filed on 7/14/2006 is acknowledged. Claims 1-11, 15-20, 24-26, 34-39, 42-50 have been 
canceled (6/16/2006) and claims 12-14 have been canceled (7/14/2006). 

Claims 21-23, 27-33, 40-41, are pending and under consideration by the Examiner. 
Claim rejections-35 USC § 112, first paragraph 

2. The following is a quotation of the first paragraph of 35 U.S.C. 1 12: 

The specification shall contain a written description of the invention, and of the manner and process of making 
and using it, in such fall, clear, concise, and exact terms as to enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and use the same and shall set forth the best mode 
contemplated by the inventor of carrying out his invention. 

2a. Claims 21-23, 27-33, 40-41, are rejected under 35 U.S.C. 1 12, first paragraph, as failing 
to comply with the written description requirement. The claims contain subject matter, which 
was not described in the specification in such a way as to reasonably convey to one skilled in the 
relevant art that the inventors, at the time the application was filed, had possession of the claimed 
invention. 

The claims are drawn to an isolated nucleic acid having at least 90%, and 95% nucleotide 
sequence identity with a particular disclosed sequence (SEQ ID NO:7). The claims do not 
require that the polynucleotide encoding the polypeptide possess any particular conserved 
structure, or other disclosed distinguishing feature. Thus, the claims are drawn to a genus of 
polynucleotides encoding polypeptides that is defined only by sequence identity. To provide 
evidence of possession of a claimed genus, the specification must provide sufficient 
distinguishing identifying characteristics of the genus. The factors to be considered include 
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disclosure of complete or partial structure, physical and/or chemical properties, functional 
characteristics, structure/function correlation, methods of making the claimed product, or any 
combination thereof. In this case, the only factor present in the claim is a partial structure in the 
form of a recitation of percent identity. There is not even identification of any particular portion 
of the structure that must be conserved for the biological activity of the protein. Accordingly, in 
the absence of sufficient recitation of distinguishing identifying characteristics and 
structure/function relationship, the specification does not provide adequate written description of 
the claimed genus. 

Vas-cath Inc. v. Mahurkar, 19 USPQ2d 1111, clearly states that "applicant must convey 
with reasonable clarity to those skilled in the ad that, as of the filing date sought, he or she was in 
possession of the invention. The invention is, for purposes of the written description' inquiry, 
whatever is now claimed." (See page 1117.) The specification does not "clearly allow persons of 
ordinary skill in the art to recognize that (he or she) invented what is claimed." (See Vas-Cath at 
page 1116). As discussed above, the skilled artisan cannot envision the detailed chemical 
structure of the encompassed genus of polynucleotides, and therefore conception is not achieved 
until reduction to practice has occurred, regardless of the complexity or simplicity of the method 
of isolation. Adequate written description requires more than a mere statement that it is part of 
the invention and reference to a potential method of isolating it. The compound itself is required. 
See Fiers v. Revel, 25 USPQ2d 1601 at 1606 (CAFC 1993) and Amgen Inc. v. Chugai 
Pharmaceutical Co. Ltd., 18 USPQ2d 1016. 

One cannot describe what one has not conceived. See Fiddes v. Baird, 30 USPQ2d 1481 
at 1483. In Fiddes, claims directed to mammalian FGF'S were found to be unpatentable due to 
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lack of written description for that broad class. The specification provided only the bovine 
sequence. Therefore, only a nucleic acid encoding a polypeptide of amino acid sequence set forth 
in SEQ ID NO:8 as recited in claim 23, but not the full breadth of the claims meets the written 
description provision of 35 U.S.C. 112, first paragraph. Applicant is reminded that Vas-Cath 
makes clear that the written description provision of 35 U.S.C. 112 is severable from its 
enablement provision (see page 1115). 

2b. Claims 21-23, 27-33, 40-41, are rejected under 35 U.S.C. 112, first paragraph, because 
the specification, while being enabling for an isolated polynucleotide encoding a polypeptide of 
amino acid sequence set forth in SEQ ID NO:8, does not reasonably provide enablement for an 
isolated nucleic acid having at least 90%, and 95% nucleotide sequence identity with a particular 
disclosed sequence (SEQ ID NO:7). The specification does not enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make the invention 
commensurate in scope with these claims. 

Claim 21, for example, is overly broad in its limitation of "at least 90% sequence 
identity" because no guidance is provided as to which of the myriad of nucleic acid molecules 
encompassed by the claims will encode a polypeptide which retains the characteristics of the 
desired polypeptide. Variants of a nucleic acid can be generated by deletions, insertions, and 
substitutions of nucleotides, but no actual or prophetic examples on expected performance 
parameters of any of the possible variants of the claimed nucleic acid molecule or muteins of the 
protein molecule have been disclosed. Furthermore, it is known in the art that even single amino 
acid changes or differences in the amino acid sequence of a protein can have dramatic effects on 
the protein's function. For example, Mikayama et al. (1993) teaches that the human 
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glycosylation-inhibiting factor (GIF) protein differs from human migration inhibitory factor 
(MIF) by a single amino acid residue (page 10056, Figure 1). Yet, despite the fact that these 
proteins are 90% identical at the amino acid level, GIF is unable to carry out the function of MIF, 
and MIF does not exhibit GIF bioactivity (page 10059, second column, third paragraph). It is 
also known in the art that a single amino acid change in a protein's sequence can drastically 
affect the structure of the protein and the architecture of an entire cell. Voet et al. (1990) teaches 
that a single Glu to Val substitution in the beta subunit of hemoglobin causes the hemoglobin 
molecules to associate with one another in such a manner that, in homozygous individuals, 
erythrocytes are altered from their normal discoid shape and assume the sickle shape 
characteristic of sickle-cell anemia, causing hemolytic anemia and blood flow blockages (pages 
126-128, section 6-3 A and page 230, column 2, first paragraph). 

There is no guidance provided in the instant specification as to how one of skill in the art 
would generate and use a nucleic acid having at least 90%, and 95% nucleotide sequence identity 
with SEQ ID NO:7 other than the polynucleotide of SEQ ID NO:7 exemplified in the 
specification. See In re Wands, 858 F.2d at 737, 8 USPQ2d at 1404. The test of enablement is 
not whether any experimentation is necessary, but whether, if experimentation is necessary, it is 
undue. The factors to be considered when determining whether there is sufficient evidence to 
support a determination that a disclosure does not satisfy the enablement requirement and 
whether any necessary experimentation is "undue" include, but are not limited to: (1) the breadth 
of the claims; (2) the nature of the invention; (3) the state of the prior art; (4) the level of one of 
ordinary skill; (5) the level of predictability in the art; (6) the amount of direction provided by 
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the inventor; (7) the existence of working examples; and (8) the quantity of experimentation 
needed to make or use the invention based on the content of the disclosure. 

Given the breadth of the claims, in light of the predictability of the art as determined by 
the number of working examples, the level of skill of the artisan, and the guidance provided in 
the instant specification and the prior art of record, it would require undue experimentation for 
one of ordinary skill in the art to make and use the claimed invention. 
Claim Rejections - 35 USC § 112, second paragraph 
3. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

Claims 21-23, 27-33, 40-41 are rejected under 35 U.S.C. 112, second paragraph, as 
being indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

Claim 21, is vague and indefinite because it recites "comprising: a nucleotide sequence at 
least. . . ." rather than "comprising a nucleotide sequence. . . .". 

Claim 27, line 2, is vague and indefinite because it recites "specific antibody of human 
albumin". It is unclear what this term means. 

Claim 28, is vague and indefinite because it recites "comprising: the sequence of the 
polynucleotide . . . ." rather than "comprising the polynucleotide 

Claim 31 is vague and indefinite because it recites "but not limited, Saccharomyces...." 
rather than "but not limited to Saccharomyces 

Claim 32 is vague and indefinite because it is incomplete. Furthermore, the claim if 
complete would be a duplicate of claim 31. It is suggested that this claim be deleted. 
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Claims 22-23, 29-30, 33, 40-41 are rejected as vague and indefinite insofar as they 
depend on the above rejected claims for their limitations. 



Claim Rejections - 35 USC § 103 

4. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as 
set forth in section 102 of this title, if the differences between the subject matter sought to be 
patented and the prior art are such that the subject matter as a whole would have been obvious at 
the time the invention was made to a person having ordinary skill in the art to which said subject 
matter pertains. Patentability shall not be negatived by the manner in which the invention was 
made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 
(1966), that are applied for establishing a background for determining obviousness under 35 
U.S.C. 1 03(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating obviousness or 
nonobviousness. 

Claims 21-23, 27-33, 40-41 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Shaw (4,904,584) in view of the Capon et al. patent (U.S. Patent No. 5,1 16,964). 

The Shaw patent discloses a polynucleotide encoding a human G-CSF protein, vectors 
for recombinant vectors for expression of the protein and host cells for producing the 
recombinant protein (see abstract; column 1, lines 5-14; columns 10-12, Examples 1, 2 and 3). A 
comparison of the amino acid sequence presented in Figure 4 of the Shaw patent with the amino 
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acid sequence of G-SCF presented in Figure 1(H) of the instant application supports the 
conclusion that the G-CSF protein of Shaw patent is the same as the G-CSF polypeptide of the 
instant invention. However, Shaw does not disclose a polynucleotide encoding both G-CSF and 
albumin to obtain a fusion protein comprising albumin and G-CSF to increase the half-life of the 
G-CSF. 

Capon et al. teaches chimeric proteins for directing ligand binding partners such as 
growth factors, hormones or effector molecules to cells bearing ligands for the ligand binding 
partners comprising a ligand binding partner fused to a stable plasma protein which is capable of 
extending the in vivo half-life of the ligand binding partner when present as a fusion with the 
ligand binding partner, in particular wherein such a stable plasma protein is an immunoglobulin 
constant domain or albumin (see column 4, lines 57-64; column 5, lines 1 1-21; column 7, lines 
11-27; column 8, lines 13-15). 

Therefore, it would have been prima facie obvious to one having ordinary skill in the art 
to modify the polynucleotide of Shaw such that it includes both, the polynucleotide encoding G- 
CSF and the polynucleotide encoding albumin, to obtain a chimeric protein with an increased 
circulating half-life, as taught by Capon et al., to obtain the known functions and advantages of 
the G-CSF polypeptide as per the teachings of Shaw. Cytokines such as G-CSF are well-known 
in the art as having a short half-life. One would have been motivated to use a chimeric 
polynucleotide encoding a chimeric protein comprising G-CSF and albumin to decrease the 
clearance rate of G-CSF in vivo. Therefore, it would have been obvious to obtain a chimeric 
polynucleotide encoding G-CSF and albumin, a long-lived molecule well known in the art as 
able to increase the stability of rapidly cleared molecules. 
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Conclusion 

No claim is allowed. 

Claims 21-23, 27-33, 40-41, are rejected. 
Advisory Information 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Prema Mertz whose telephone number is (571) 272-0876. The 
examiner can normally be reached on Monday-Friday from 7:00AM to 3:30PM (Eastern time). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Gary Nickol, can be reached on (571) 272-0835. 

Official papers filed by fax should be directed to (571) 273-8300. Faxed draft or 
informal communications with the examiner should be directed to (571) 273-0876. 

Information regarding the status of an application may be obtained from the Patent 
application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov . Should you have questions on access to the Pnvate 
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 



Prema Mertz Ph.D., J.D. 
Primary Examiner 
Art Unit 1646 
August 18, 2006 
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